ment, broad-spectrum antibiotics should be administered, and nutritional support should be considered. NF can arise in almost any area of the body upon disruption of the skin from laceration due to local trauma, insect bite, needle puncture, burn, skin abscess, chronic venous ulcer, or increased temperature of an operated area after an invasive procedure. [9] With progression of the disease, the spread of hyperemic lesions, vesicle formation, subcutaneous crepitation, and thickening of the subcutaneous tissue can occur. While early diagnosis can be lifesaving, referral of patients to treatment centers is often delayed due to misdiagnosis, particularly in developing countries. The fundamental treatment in NF is surgical debridement, which must be accompanied by antibiotic therapy.
There are readily available, complex tools for determining mortality in NF patients, such as novel scoring systems for the severity of illness and clinical prediction rules, but these scoring systems are not always practical for routine clinical use. On the other hand, lactate and creatinine kinase level measurements are usually readily available for clinical use. They are simple to use and implement. In previous studies serum lactate and creatinine kinase levels have been associated with increased mortality in sepsis and electrical burn patients. [10] [11] [12] There are a few studies on the value of serum lactate and creatinine kinase levels for the diagnosis of NF. [13] [14] [15] These studies do not, however, evaluate the morbidity or mortality associated with the level of these enzymes. This retrospective cohort study was focused on risk factors that were associated with amputation and mortality rate in lower extremity NF patients. The aim was to determine the presentation, management, treatment modalities, and outcome of lower extremity NF cases. Furthermore, the objective was to emphasize the importance of serum creatinine/lactate levels and early diagnosis in the improvement of patient prognosis and the suitability of elevated lactate and creatinine as a predictive morbidity and mortality parameter in NF.
Methods
A retrospective review of the medical records of patients who were admitted with lower extremity NF between January 2013 and June 2017 (54 months) was performed.
Informed consent was obtained from all of the participants. Ethical approval was not required due to the retrospective design of the study.
Potentially eligible patients were identified through a hand search of operating room (handwritten) logbooks using the search terms of "lower extremity necrotizing fasciitis, " "thigh necrotizing fasciitis, " "crus necrotizing fasciitis, " "foot necrotizing fasciitis, " and "ankle necrotizing fasciitis. " Patients with Fournier's gangrene or NF involving the head, neck, upper extremities or the trunk were excluded.
The diagnosis of NF was confirmed during surgery by foulsmelling discharge (dishwater fluid), loss of integrity of the fascia, and necrosis or lack of bleeding of the muscle and fascia during dissection. An intra-operative biopsy with Gram stain was used in some cases, but was not necessary for the diagnosis, as findings from the exploratory surgery were often definitive. Biopsies and microbiological samples were collected from all of the patients.
The study population was 87 patients. All patients' age, gender, and history of trauma at the time of presentation were recorded, and the time between the onset of disease and presentation, the duration of hospital stay, the number of surgical operations performed, and the serum creatinine and lactate levels at the time of presentation were analyzed in terms of complications, mortality, and morbidity. Patient information was obtained via routine controls, medical records, and phone calls.
Statistical Analysis
The statistical analysis was performed using SPSS for Windows, Version 15.0 (SPSS Inc., Chicago, IL, USA). The Mann-Whitney test to compare different groups (unpaired, non-parametric). A p value less than 0.05 was considered significant.
Results
A total of 87 patients, 33 females and 54 males, were included in the study. The mean age was 50.6 years (range: 22-74 years). At the time of presentation, 37 patients had uncontrolled diabetes, 17 had cellulitis, 6 had venous insufficiency, 4 had HIV infection, 5 had a previous history of autoimmune disease, 4 had a previous history of malignancy and distant metastasis at the time of presentation, and 14 patients did not have any precursor-comorbidity factors.
Pain, localized sensitivity, skin erythema, and increased temperature were the most common symptoms of the physical examination. Blisters and bulbous skin were present in 41 patients, 26 patients had skin necrosis, 5 patients had symptoms of peau d'orange edema of the skin. Three patients also had symptoms at the ipsilateral upper extremity, including 2 patients who had 4-extremity gangrene symptoms, which became apparent in the preoperative period in 1 patient, and which arose in the postoperative period with rapid progression in the other patient.
The mean time between the onset of symptoms and surgery was 3.7 days (range: 2-11 days). Among the 26 patients with more than 5.5 days between the onset of symptoms and surgery, 12 underwent amputation, 2 underwent disarticulation, and 8 died. In patients who had fewer than 5.5 days between onset and surgery, appropriate reconstruction was performed without any need for amputation, and none of the patients died. As the time between the onset and surgery increased, the rate of amputation/disarticulation and mortality increased significantly (p<0.001).
The mean serum lactate level at the time of presentation was 4.14±2.30 mmol/L (range: 1.2-12.7 mmol/L; normal level: 0.5-2.2 mmol/L). The mean serum creatinine level at the time of presentation was 1.76±0.39 mg/dL (range: 1.2-3.3 mg/dL; normal level 0.6-1.2 mg/dL). In patients who underwent amputation/disarticulation, the mean serum lactate level was 5.7 mmol/L (range: 5.1 to 8.7 mmol/L), and the mean serum creatinine level was 1.92 mg/dL (range: 1.4 to.3.3 mg/dL). Therefore, the high levels of serum creatinine and lactate were found to be statistically significant in terms of mortality and amputation (p<0.001) ( Table 1) . A 66 % mortality rate was determined among the 12 patients who had a serum creatinine level greater than 2 mg/dL at the time of presentation.
The serum lactate level measured after completion of the final debridement, prior to reconstruction was found to be close to normal; the mean value was 2.10±0.61 mmol/L (range: 0.7-3.3 mmol/L). The mean serum creatinine level measured after completion of the final debridement, prior to reconstruction was 0.9 mg/dL (range: 0.7-1.13 mg/dL). The preoperative and postoperative serum lactate and creatinine values were compared, and it was determined that the postoperative values were significantly lower (p<0.001) ( Table 1 ).
The most common agents observed in the culture were Staphylococcus aureus (n=53, 61%), Acinetobacter baumannii (n=10, 11.5%), methicilline-resistant Staphylococcus aureus (n=14, 16%), Pseudomonas aeruginosa (n=29, 33.3%), and Escherichia coli (n=41, 47.1%). Fungal culture was not routinely performed. Four patients were found to be HIV+ in routine tests.
Reconstruction in NF patients was performed within the mean value of 25.2 days (range: 9-47 days) after the first presentation, once the symptoms had regressed and complete cleanliness of the defective lesion was confirmed. Reconstructive surgery was considered only once the patient's general condition was stable and the infection was fully eradicated. Wound reconstruction was performed In cases where multiple surgical debridements could not bring the infection under control, disarticulation of the lower extremity was performed (n=2, 2.3%). The overall mortality rate was 9.2% (n=8). The most common major complication of NF was septicemia (n=56, 64.4%). Other minor complications were nosocomial infections and endophthalmitis. All of the deaths were the result of septicemia and multiple organ failure.
The mean value of the number of surgical debridements required was 2.8 (range: 1-9). The site of NF was the ankle and foot in 41 patients (47.1%), the crus in 28 patients (32.2%), and the thigh in 18 patients (20.7%). Intra-operatively, among the 18 patients who had NF of the thigh region, 7 were found to have extension of the disease to the groin and abdominal area ( Fig. 1-4) . Infection control failed after multiple debridements in 2 patients, and led to total limb loss-disarticulation.
Of the 87 patients, 25 had a massive tissue defect and once the infection was brought under control surgically and medically, negative pressure wound therapy (NPWT) treatment was initiated under 125 mmHg pressure. The NPWT closure was changed every 48 to 72 hours. NPWT dramatically improved the state of the wound surface and the overall condition of the patients.
Discussion
NF is a disease that rapidly destroys the subcutaneous tissue and fascia and requires emergency debridement as soon as the diagnosis is made. Conditions such as diabetes, atherosclerosis, cancer, bone marrow dysplasia, chronic alcoholism, severe malnutrition, and peripheral vascular disease are predisposing factors for NF. [5, 16, 17] Although the occurrence of NF is usually based on predisposing risk factors, the infection can also occur in apparently healthy individuals.
One of the early distinguishing marks of NF is erysipelas. Other important symptoms are severe pain that is inconsistent with other symptoms and reduced tissue tension and tonus. In the early stages, NF can be confused with cellulitis and other soft tissue infections. Wong et al. [13] used a laboratory risk indicator for NF (LRINEC score) to detect NF even in clinically early cases. They used parameters such as the erythrocyte sedimentation rate, platelet count, and levels of C-reactive protein, glucose, hemoglobin, serum sodium, creatinine, potassium, chloride and urea for the diagnosis. The aim of this score was to distinguish NF from non-necrotizing soft tissue infections. Although computed tomography and ultrasonography are helpful in the differential diagnosis, a definitive diagnosis is made during surgical exploration. Skin anesthesia due to nerve damage and skin necrosis secondary to thrombosis of the subcutaneous vessels can occur in NF. [18] Infection spreads rapidly, sometimes within hours, to the surrounding tissues and causes the disease to become more severe. In patients with suspected NF, marking the margins of the erythema and checking daily every 3 to 4 hours is helpful in making the diagnosis.
In a previous study, Kopp et. al. [12] revealed a correlation between a high creatinine kinase level and amputation/mortality rate in electrical burn patients with muscle damage. In our study, we found a similar relationship between the creatinine kinase and lactate serum levels and the mortality/serious complication rate in NF. The serum creatinine level was greater than 2 mg/dL and the serum lactate level was greater than 6.8 mmol/L in the 2 patients who died. The serum creatinine and lactate levels in patients who underwent amputation/disarticulation were also significantly higher. Reduction in the serum creatinine and lactate levels after the appropriate debridement indicates a decrease in necrotic muscle, improvement in kidney function, and recovery from the inflammatory process. To our knowledge, there are no studies that have compared the serum lactate and serum creatinine levels of NF patients at the time of presentation and after debridement.
In our study, gangrene was observed in the ipsilateral upper extremity in 3 patients. The test results revealed that the organism cultured from the affected area was Staphylococcus aureus in these patients, and they were treated with amputation at the appropriate level. Gangrene of 4 extremities was seen in 2 patients; 1 case occurred in the postoperative period and 1 patient was gangrenous at the time of presentation. In the patient who developed this condition in the postoperative period, the etiology was an insect bite on the right foot at the malleol level. This patient also had a history of loss of vision due to an autoimmune episode. The rapid progression in this patient suggested that the autoimmune disease could have been a factor in the rapid progression of the disease. Following completion of below-knee amputation, gangrene symptoms were observed in all 3 other extremities. Both patients with gangrene in 4 limbs declined to have further limb amputation and died after long-term follow-up in the intensive care unit. There are no cases of NF related to gangrene of 4 extremities in the literature. Mortality is almost inevitable in these patients and perhaps they should be given a chance to spend time with their family and take a pause from treatment.
In NF, defect reconstruction and urgent surgical intervention is not preferred. Sufficient time should be allowed after debridement for the settlement of skin necrosis at the site of debridement and the surrounding tissue. In a previous study, reconstruction with skin grafts was reported in 48.4% and rotation flaps were used in 4.5% of NF patients, whereas in our study, the rate was lower, 27.6% and 19.5%, respectively. [19] [20] [21] It has been previously reported that the rate of amputation in NF was 23.5% and the rate of disarticulation was 1.4% [22] [23] [24] [25] ; in our study, the rate was 13.8% and 2.3%, respectively. The NF mortality rate varies between 23% and 76%, regardless of the treatment options, the according to previous reports. [26] [27] [28] 3] The mortality rate in our study was significantly lower than that of previous studies (9.2%).
It was found that the shorter the time between the onset of symptoms and the time of presentation, there were fewer surgical debridements and a lower rate of mortality, amputation, and complications. Among the amputated patients, it was found that the symptoms were present for an average of 6.9 days. In both patients who died, the time between the onset of symptoms and the time of surgery was more than 5.5 days. NF is a surgical emergency that affects limbs and requires aggressive debridement of the affected tissues. Waiting and observing can lead to irreversible problems. If the patient is suspected of having NF, surgical debridement should be performed immediately.
There are some limitations of this investigation, which include a small sample size, the lack of a comparison group, lack of explanatory (correlation, regression) analysis, and lack of sensitivity analysis. However, despite our appreciation of the limitations of our investigation, we believe that the results of this study could be useful to the development of future prospective cohort studies and randomized controlled trials that focus on complications and mortality in patients with lower extremity NF.
Conclusion
The results of our study suggest that the levels of serum lactate and creatinine can be used to predict mortality and morbidity in lower extremity NF patients.
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